Aims. The lensing mass reconstruction of the rich galaxy cluster Cl0024+17 has been argued to have revealed a ringlike dark matter structure that is offset from both the gas and the galaxies in the cluster. This has been claimed to be hard to explain in the framework of modified Newtonian dynamics (MOND). We aim to check that claim, taking into account the old-known mass discrepancy of galaxy clusters in MOND, which can be resolved by, e.g., adding a component of 2 eV neutrinos. Methods. For that purpose, we derive an upper limit to the density of matter in the ring, and compare it to the Tremaine-Gunn limit on the density of neutrinos. Results. We conclude that the maximum density of matter in the ring is 2σ below the Tremaine-Gunn limit, and that the ringlike structure in Cl0024+17 does not pose a new challenge to MOND.
Data on large scale structures point towards a Universe dominated by dark matter and dark energy. Nowadays, the dominant paradigm is that this dark matter is actually made of hitherto undetected non-baryonic weakly-interacting massive particles, the so-called cold dark matter (CDM) . However, at galaxy scales, the observations are at variance with many CDM predictions (e.g., Gentile et al. 2004; Famaey & Binney 2005) , while the observation of a tight correlation between the distribution of baryonic and dark matter at all radii in spiral galaxies (e.g., McGaugh et al. 2007; Famaey et al. 2007 ) seems to rather lend support to the modified Newtonian dynamics (MOND) paradigm of Milgrom (1983) . Milgrom (1983) postulated that for gravitational accelerations below a 0 ≈ 10 −10 m s −2 the effective gravitational attraction approaches (g N a 0 ) 1/2 where g N is the usual Newtonian gravitational field, a prescription which leads to remarkable predictions of the dynamics of galaxies ranging over five decades in mass (see, e.g., Bekenstein 2006 for a review), including our own Milky Way (Famaey & Binney 2005; Famaey, Bruneton & Zhao 2007) . Recent developments in the theory of gravity have also added plausibility to the case for modification of gravity through the advent of Lorentz-covariant theories of gravity yielding a MOND behaviour in the appropriate limit by means of a dynamical normalised vector field (e.g., Bekenstein 2004; see Bruneton & Esposito-Farèse 2007 for a review). Although rather fine-tuned and still being a far cry from a fundamental theory underpinning the MOND paradigm, these theories remarkably allow for new predictions regarding cosmology (e.g., Skordis et al. 2006; Dodelson & Liguori 2006) and gravitational lensing (e.g., Zhao et al. 2006) .
Nevertheless, in rich clusters of galaxies, the observed acceleration is usually larger than a 0 in the central regions, meaning
Send offprint requests to: B. Famaey that the MOND prescription is not enough to explain the observed discrepancy between visible and dynamical mass there (e.g., Aguirre et al. 2001; Sanders 2003 Sanders , 2007 Angus et al. in prep.) . At very large radii, the discrepancy is about a factor of two, meaning that there should be as much dark matter (mainly in the central parts) as observed baryons in MOND clusters. Given that, in the global baryon inventory, about 20% of the baryons are still missing, and that the observed baryons in clusters only account for 5 to 10% of those produced during Big Bang nucleosynthesis (e.g., Silk 2006), there is plenty of room for this dark matter to be baryonic in MOND. One could say that, while CDM puts the missing baryons problem in individual galaxies, MOND has to put it in galaxy clusters.
However, recent weak lensing observations of the bullet cluster 1E0657-56 (Clowe et al. 2006 ) have also constrained this dark matter in MOND to be of collisionless nature (e.g., dense clumps of cold gas), while in their modelling of the CMB anisotropies, Skordis et al. (2006) showed that a non-baryonic component was actually helpful to prevent the MOND Universe from accelerating too much if one keeps Ω = 1 as a constraint on the amount of dark energy (although MOND might have the potentiality to drive late-time acceleration without resorting to dark energy; see Diaz-Rivera et al. 2006 ). Since we know that neutrinos have mass (Fukuda et al. 1998 ) and that they have a number density comparable to photons, we already know that such a non-baryonic component does exist. A common solution to the collisionless nature of dark matter in clusters and to the non-baryonic component needed to account for the CMB is that neutrinos have a mass at the limit of detection, i.e. 2 eV. This idea, put forward by Sanders (2003) , has the great advantage of naturally reproducing most scaling relations including the luminosity-temperature relation (Sanders 2007), while accounting for the bulk of the missing mass in galaxy clusters (Sanders 2003; Angus et al. in prep.) . In Angus et al. (2007), we have demonstrated that this "MOND + neutrinos" hypothesis is also compatible with the weak lensing map of the bullet cluster, meaning that the quantity of dark matter required is consistent with that suggested by the previous analyses of Sanders (2003) . Note that we however neglected possible non-trivial contributions from the vector field of relativistic MOND theories in non-stationary configurations (e.g., Dodelson & Liguori 2006), which could only decrease the need for dark matter in this system (but not in other clusters close to equilibrium and stationarity). Note also that the high-speed encounter of the clusters making up the bullet could be a problem for CDM while being a standard manifestation of MOND long-range interaction (Angus & McGaugh 2007) .
More recently, a comprehensive weak lensing mass reconstruction of the rich galaxy cluster Cl0024+17 at z = 0.4 (Jee et al. 2007 , hereafter J07) has been argued to have revealed the first dark matter structure that is offset from both the gas and galaxies in the cluster. This structure is ringlike, located between r ∼ 60 ′′ and r ∼ 85 ′′ . It was argued to be the result of a collision along the line-of-sight of two massive clusters 1-2 Gyr in the past. It has also been argued by J07 that this offset was hard to explain in MOND.
Assuming that this ringlike structure is real and not caused by instrumental bias or spurious effects in the weak lensing analysis, and that cluster stars and galaxies do not make up a high fraction of the mass in the ring (which would be too faint to observe anyway), is this really hard to explain in MOND? As explained above, we already know that there is a mass discrepancy in MOND clusters, and we know that this dark matter must be in collisionless from (e.g., neutrinos or dense clumps of cold gas). So the results of the simulation with purely collisionless dark particles performed by J07 would surely be very similar in MOND gravity. In case the missing mass in clusters is in baryonic form, we do not really have a quantitative limit on the density of MOND dark matter that would be allowed in the ring. But since we know that the "MOND + neutrinos" hypothesis works fine in other similar clusters, we can follow the approach of Angus et al. (2007) and test this hypothesis in Cl0024+17. If the missing mass is in the form of dark baryons, this is an effective way to compare the dark density to what should be expected in similar clusters in MOND. Let us note that this cluster was studied by Takahashi & Chiba (2007) in the framework of MOND, however this was prior to the detection of the ringlike structure. They found it to be marginally consistent with 2 eV neutrinos, using a Hernquist profile with a total mass of 3.5 × 10 14 M ⊙ and a core radius of 0.3 Mpc. In a latter version, they tried a cored model, including also the strong lensing data, and found a model consistent with a neutrino mass of 4 eV. However, they assumed a simple spherical model without any line-of-sight structure, contrary to the spirit of the collision scenario invoked to explain the ringlike feature. Given the uncertainty of the density models, it is unclear if existing data for this system actually rule out the 2 eV neutrinos. We hereafter rather focus on the newly discovered ringlike structure to see if it presents a new challenge to the "MOND+neutrinos" hypothesis.
The main limit on the neutrino ability to collapse in clusters comes from the Tremaine-Gunn limit (Tremaine & Gunn 1979) , stating that the phase space density must be preserved during collapse. Assuming the same temperature for the neutrino fluid as for the baryons, the maximum density of a mixture of all neutrino types all having a 2 eV mass for a cluster of a given temperature T (in keV) is then given by ρ
This means that for Cl0024+17 whose mean emission weighted temperature is T = 4.25
+0.40
−0.35 keV (J07), the Tremaine-Gunn limit for the density of neutrinos is ρ max ν = 6.1 +0.9 −0.7 × 10 −4 M ⊙ pc −3 . A detailed simulation of Cl0024+17 would involve numerically solving the non-linear Poisson equation of MOND. However since observationally consistent relativistic MOND theories (such as the one of Bekenstein 2004) always enhance the gravitational lensing, the surface density of the ring derived from General Relativity is always an upper limit to the actual density in MOND. Moreover, the gravity at the position of the ring is of the order of ∼ 2a 0 , meaning that MOND effects just start to be important. This means that, for the purpose of this research note, we can simply consider the density of the ring in General Relativity as an upper limit on the MOND density, and compare it to the Tremaine-Gunn limit. The convergence parameter is κ = 0.69 in the ring (see Fig. 10 of J07 ), but the background is estimated by J07 to contribute up to κ = 0.65, which would be the convergence if no ring was present, meaning that the convergence due to the ring itself is κ r = 0.04. Adopting the effective distance D eff = D l D ls /D s = 0.9 Gpc (where D s , D l , and D ls are the distance from the observer to the source, from the observer to the lens, and from the lens to the source, respectively), we find that the MONDian upper limit of the surface density of the ring is Σ = κ r × Σ c = 70M ⊙ pc −2 . Given that the ring is 25
′′ wide, i.e. 0.15 Mpc wide for a distance of 1.2 Gpc, it is sensible to consider that its depth along the line-of-sight is of the same order of magnitude leading to ρ = Σ/(0.15 Mpc)= 4.6 × 10 −4 M ⊙ pc −3 , i.e. significantly less (at more than 2σ) than the Tremaine-Gunn limit. We thus conclude that the ringlike structure in Cl0024+17, if real and not caused by spurious effects in the weak lensing analysis, does not pose a new challenge to MOND. Stronger limits on the "MOND+neutrinos" hypothesis might ultimately need detailed data of the X-ray gas dynamics in the central parts of a sample of clusters spanning a large range of temperatures (Angus et al. in prep) .
